Introduction {#sec1_1}
============

Gastrointestinal stromal tumors (GISTs) are the most frequent submucosal tumors (SMTs) of the stomach. The Japanese GIST Therapeutic Guideline \[[@B1]\] states that surgical resection is indicated if a histopathological diagnosis of GIST is made, because GIST has malignant potential even if it is not very large. The diagnosis of SMT including GIST is made by immunostaining with c-kit, CD34, SMA, S100, and so on. Generally, in cases where positive staining for c-kit or CD34 and negative staining for SMA and S-100 is confirmed, the tumor is diagnosed as GIST. So, immunostaining is very important for the diagnosis of SMT. But immunostaining is often difficult when the amount of obtained specimen is small.

Endoscopic ultrasound-guided fine needle aspiration (EUS-FNA) is reported to be the most useful method to obtain specimens from SMTs \[[@B1], [@B2], [@B3]\]. The rate of successful diagnosis of SMTs by EUS-FNA combined with cytology has been reported to be relatively high (83%), but the rate of successful diagnosis by histology is not satisfactory (50%) \[[@B4], [@B5], [@B6], [@B7]\]. With respect to tumor size, many reports showed that the diagnostic rate was insufficient in SMTs less than 2 cm in diameter \[[@B8], [@B9]\]. However, several papers reported that small SMTs (diameter \< 2 cm) had a high-grade malignant potential, and these tumors progressed rapidly \[[@B10], [@B11]\].

Recently, another diagnostic method for small gastric SMT has been reported, the so-called mucosal cutting biopsy (MCB) technique \[[@B12], [@B13]\]. To apply this technique, a relatively large specimen could be obtained under direct view in a short time, and the diagnostic rate including immunostaining was reported to be satisfactorily high, even for small SMTs. Thus, this study was designed to compare the histopathological diagnostic ability including immunohistochemistry of EUS-FNA and MCB for gastric SMTs.

The purpose of this study was to evaluate the efficacy of MCB for the histopathological diagnosis of gastric SMTs and establish a strategy for the diagnosis of gastric SMTs.

Materials and Methods {#sec1_2}
=====================

Patient Population {#sec2_1}
------------------

Between January 2012 and August 2018 in the Department of Gastroenterology, Kasugai Municipal Hospital, 40 patients were referred for diagnostic examination of gastric SMT, and all of these patients were included in this study. Based on the Japanese GIST Therapeutic Guidelines, EUS-FNA was chosen in principle as the diagnostic procedure. If insufficient material for histopathological examination was obtained by EUS-FNA or it was judged that EUS-FNA was not suitable because of tumor size or location, the MCB procedure was selected to obtain the necessary materials for a precise histopathological diagnosis. As a result, MCB and/or EUS-FNA was performed in 40 gastric SMT cases.

MCB alone was performed in 9 patients, and EUS-FNA alone was performed in 24 patients. Both MCB and EUS-FNA were performed in 7 patients. Thus, 16 patients underwent MCB, and 31 patients underwent EUS-FNA (Fig. [1](#F1){ref-type="fig"}). In this study, the histopathological diagnostic yield, efficacy, and safety of MCB and of EUS-FNA were compared.

Mucosal Cutting Biopsy Procedures {#sec2_2}
---------------------------------

MCB was performed as previously reported by Kataoka et al. \[[@B12]\]. Briefly, after saline injection into the submucosal layer, mucosal cutting was performed using a needle knife. Under direct vision of the SMT, several biopsy specimens were obtained using biopsy forceps. Then, mucosal incision was closed with clips.

EUS-FNA Procedures {#sec2_3}
------------------

The EUS-FNA procedure was performed using standard technique. After targeting the mass using a convex linear echoendoscope (GF-UCT 260; Olympus, Tokyo, Japan), fine needle aspiration was performed using a 22-gauge needle (Expect Endoscopic Ultrasound Aspiration Needle; Boston Scientific, Marlborough, MA, USA). The needle size was changed according to the tumor size, rigidity, and location, as appropriate.

The obtained specimen was submitted to rapid on-site evaluation (ROSE) and FNA procedure was completed after the positive report of ROSE.

Analysis Parameters {#sec2_4}
-------------------

The histopathological diagnostic yield and the rate of successfully obtaining a biopsy specimen for histopathological examination including immunohistochemistry were compared between MCB and EUS-FNA. The relationship between SMT size and the diagnostic rate was evaluated in each group. The location of each SMT relevant to diagnostic yield was also evaluated in the EUS-FNA group.

Statistical Analysis {#sec2_5}
--------------------

Continuous variables are expressed as mean values ± SD (standard deviation) and compared between two groups using Welch\'s *t* test. Categorical variables were compared using the chi-squared test. Fisher\'s exact test was applied as appropriate. All statistics were calculated using R software, version 3.4.3 (R Development Core Team, 2017). Probabilities of less than 0.05 were considered significant.

Results {#sec1_3}
=======

Patients\' Characteristics {#sec2_6}
--------------------------

The characteristics of the 40 cases are summarized in Table [1](#T1){ref-type="table"}. There were no significant differences in mean age and sex ratio between the two groups. There were clearly more SMTs less than 2 cm in the MCB group (*p* = 0.02). Extraluminal SMTs tended to be more common in the EUS-FNA group (*p* = 0.09). Most cases of SMT originated from the muscularis propria in both groups.

Comparison between MCB and EUS-FNA {#sec2_7}
----------------------------------

Table [2](#T2){ref-type="table"} shows the results of MCB and EUS-FNA. There was no significant difference in procedure time between MCB and EUS-FNA. The rate of successful diagnosis was the same in both groups, but the rate of successful immunohistochemistry was significantly higher in the MCB group. Regarding immunohistochemical staining in the MCB group, in most cases in which adequate specimens were obtained, they could be evaluated by immunostaining, while in the EUS-FNA group, the rate of successful immunostaining was only 59% (*p* = 0.03).

A typical case where both EUS-FNA and MCB were performed is presented in Figure [2](#F2){ref-type="fig"}. Histopathological examination of EUS-FNA, MCB, and surgical specimen was shown, respectively. The amount of obtained specimen by EUS-FNA was small and as a result, definitive diagnosis was not made because histopathological examination including immunostaining was impossible (Fig. [2a](#F2){ref-type="fig"}). On the other hand, adequate specimen could be obtained by MCB in the same case. HE staining revealed a lot of spindle cells in muscle layer, and immunostaining was positive for c-kit and CD34 and negative for SMA and S-100 (Fig. [2b](#F2){ref-type="fig"}). According to these findings, the SMT was diagnosed as GIST. This tumor was resected, and immunostaining of the surgical specimen was completely the same as the MCB specimen (Fig. [2c](#F2){ref-type="fig"}).

Immunostaining data were evaluated excluding aberrant pancreas, because immunostaining is not needed for diagnosis. In the subgroup of SMTs less than 2 cm, EUS-FNA had low rates of obtaining adequate materials for diagnosis and of successful immunohistochemistry, but because of the small sample size, there were no significant differences. There were no complications in either group (Table [2](#T2){ref-type="table"}).

Seven cases in the MCB group were treated surgically, and 24 in the EUS-FNA group were operated, and the surgical specimens were evaluated histopathologically in comparison with the preoperative specimens. Both groups had similar histopathological concordance rates between before and after surgery. All cases of GIST were resected surgically. In the MCB group, one schwannoma was operated because of a large ulcer, and one SMT diagnosed as leiomyoma was operated because another GIST existed in the same patient, but after operation, the leiomyoma was also diagnosed as GIST. In the EUS-FNA group, there were 4 cases that required operation in the "not diagnosed" group. Two cases of GIST and one gastric cancer diagnosed by MCB after unsuccessful EUS-FNA procedures were operated. One schwannoma was also operated because of its large size and lymph node swelling around the stomach (Table [2](#T2){ref-type="table"}).

Analysis of EUS-FNA Procedures {#sec2_8}
------------------------------

The technical success rate of EUS-FNA was evaluated for each location of gastric SMT (Table [3](#T3){ref-type="table"}). In the intraluminal group, unsuccessful procedures were more common in the middle gastric body, but there was no significant difference. On the other hand, EUS-FNA was successful in most extraluminal SMTs.

Discussion {#sec1_4}
==========

This was a retrospective study comparing the efficacy of MCB and EUS-FNA. Generally, MCB is performed with a needle knife and biopsy forceps. The technique of MCB is standard, and it is not necessary to prepare special devices. The cost may be less with MCB \[[@B14]\]. This study showed that MCB was not inferior in procedure time, the rate of successful diagnosis, and the concordance rate of pathologic findings after operation comparing with EUS-FNA. Moreover, the rate of successful immunostaining was significantly higher with MCB than with EUS-FNA. Immunohistochemistry is an essential examination to distinguish GISTs from leiomyomas, schwannomas, and so on. In addition, in the cases of SMTs less than 2 cm, the diagnostic yield was significantly better in the MCB group. There are some reports that several small GISTs also have malignant potential, and small SMTs may grow faster than large ones \[[@B15], [@B16]\]. Considering these facts, it is better to obtain a sufficient SMT specimen, even if the tumor is small. In that case, MCB is an important technique.

EUS-FNA is a very important procedure for the diagnosis of SMT. However, the rate of successful EUS-FNA varies in each hospital because of the need for technical experience. The rate of successful histological diagnosis by EUS-FNA for gastric SMTs is reported to be about 60--80% \[[@B4], [@B5]\]. With respect to small GISTs, the rate of successfully obtaining cytological and histological specimens was reported to be 81.3% by combined use of ROSE \[[@B16]\]. In the present study, the diagnostic rate by EUS-FNA was in line with other reports, but it was unfavorable in cases less than 2 cm, even though the cases were not so many. Even when specimens could be obtained by EUS-FNA, about half of the cases could not be assessed immunohistologically.

The rate of successful histological diagnosis was evaluated for each area of the stomach in the EUS-FNA group. The rate of unsuccessful EUS-FNA was slightly higher in the middle third of the stomach than other areas, but there was no significant difference. Niimi et al. \[[@B17]\] reported that SMT located in the middle third of the stomach is a predictive factor for non-diagnosis when beginners try to perform EUS-FNA. The present result was in line with Niimi et al. \[[@B17]\]. Thus, MCB may be the first choice when an SMT is less than 2 cm or it is located in the middle third of the stomach. In fact, in the present study, there were 3 cases in which EUS-FNA failed but sufficient materials were obtained by MCB.

EUS-FNA is a relatively safe method. It is reported that adverse events that might be caused by EUS-FNA are bleeding and infection, but they are relatively rare \[[@B18]\]. Regarding the adverse events of the MCB procedure, Kataoka et al. \[[@B12]\] also reported the safety of this technique. In the present study, both groups had no complications. Thus, MCB is considered as safe as EUS-FNA.

There are several limitations in this study. First, this was a retrospective study. Second, small SMTs often tended to undergo MCB, and MCB was rarely tried for extraluminal SMTs. Thus, there was selection bias in this study. Third, the sample size was relatively small in this study, especially in the MCB group.

In conclusion, MCB has the advantage of enabling immunohistological diagnosis, and MCB is good for obtaining specimens of small SMTs. In addition, MCB is non-inferior in other points compared to EUS-FNA. MCB may be an effective procedure for diagnosing gastric SMT, especially for small-size SMTs located in the middle third of the stomach.

Statement of Ethics {#sec1_5}
===================
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![Flow diagram of this study. MCB alone was performed in 9 patients, and EUS-FNA alone was performed in 24 patients. Both MCB and EUS-FNA were performed in 7 patients. Thus, 16 patients underwent MCB, and 31 patients underwent EUS-FNA.](crg-0013-0185-g01){#F1}

![**a** Histopathological finding in the EUS-FNA specimen. HE staining revealed only blood clot. Histopathological diagnosis including immunohistochemistry could not be made. **b** Histopathological examination in the MCB specimen. Biopsied specimen showing spindle cells (HE). Immunohistochemical staining was positive for c-kit and CD34 and negative for SMA and S100. So, this SMT was diagnosed as GIST. **c** Histopathological examination in the resected specimen. There are spindle cells that originated from muscle layer. Immunohistochemical staining was positive for c-kit and CD34 and negative for SMA and S100. This staining was completely the same as the specimen obtained by MCB.](crg-0013-0185-g02){#F2}

###### 

Summary of the patients with submucosal tumors who underwent mucosal cutting biopsy (MCB) and endoscopic ultrasonography-guided fine needle aspiration biopsy (EUS-FNA)

                               MCB         EUS-FNA     *p* value
  ---------------------------- ----------- ----------- -----------
  *n*                          16          31           
  Age, years (mean ± SD)       62.5±11.9   66.4±11.6    
  Sex                                                  
   Male                        6           17          NS
   Female                      10          14           
  Tumor location (upper,                               
   middle, lower)              5, 9,2      14, 14, 3   NS
  Tumor size, mm (mean ± SD)   21.2±7.4    36.2±22     NS
  Tumor size                                           
   \<20 mm                     7           3           \<0.05
   \>20 mm                     9           28          
  Growth pattern                                       
   Intraluminal                14          19          NS
   Extraluminal                02          12           
  Layer of origin                                      
   Muscle layer                14          29          NS
   Not muscle layer            02          02           

###### 

The result of MCB and EUS-FNA

                                                 MCB                                              EUS-FNA                                          *p* value
  ---------------------------------------------- ------------------------------------------------ ------------------------------------------------ -----------
  *n*                                            16                                               31                                                
  Procedure time, min (mean ± SD)                40.7±14.9                                        45.3±19.2                                        NS
  Number of technical successes                  14                                               25                                               NS
  Number of biopsy specimens (mean ± SD)         6.6 ±2.2                                         2.5±1.3                                          \<0.05
  Successful diagnostic rate                     14/16 (88%)                                      25/31 (81%)                                      NS
  Successful diagnostic rate with immuno-                                                                                                          
  staining possible                              13/14[^\*1^](#T2F1){ref-type="table-fn"} (93%)   17/29[^\*1^](#T2F1){ref-type="table-fn"} (59%)   \<0.05
  Diagnostic rate with cases less than 2 cm      6/7 (86%)                                        2/3 (67%)                                        NS
  Number of complications                        00                                               0                                                NS
  Histological diagnosis                                                                                                                           
   Gastrointestinal stromal tumor                5                                                20                                                
   Leiomyoma                                     0 4                                              1                                                 
   Schwannoma                                    02                                               1                                                 
   Aberrant pancreas                             02                                               2                                                 
   Malignant lymphoma                            01                                               1                                                 
   Not diagnosed                                 02                                               6\*3                                              
   Number of operations                          7[^\*2^](#T2F2){ref-type="table-fn"}             24[^\*3^](#T2F3){ref-type="table-fn"}             
  Concordant rate of pathologic findings after                                                                                                     
  operation                                      6/7 (86%)                                        19/24 (79%)                                      NS

Two cases of aberrant pancreas existed in each group. They are excluded because of needlessness of immunostaining.

All cases of GIST were resected surgically. One schwannoma was operated because of its big ulcer. One SMT diagnosed as leiomyoma was operated because another GIST existed in the same patient, but after operation, the SMT turned out to be GIST, too.

All cases of GIST were resected surgically. Two cases of GIST existed in the "not diagnosed" group, and they were diagnosed by MCB. One gastric cancer existed in the "not diagnosed" group and it was operated. One schwannoma was operated because of big size and lymphadenopathy around the stomach.

###### 

Successful diagnostic rate of EUS-FNA divided by the tumor location

                 L             M            U
  -------------- ------------- ------------ ------------
  Intraluminal   50% (1/2)     60% (6/10)   100% (7/7)
  Extraluminal   100% (1 /1)   100% (4/4)   86% (6/7)

L, lower part; M, middle part; U, upper part.
